Abstract. The Japanese language is represented by two different codes: syllabic and logographic while Portuguese employs an alphabetic writing system. Studies on bilingual Portuguese-Japanese individuals with acquired dyslexia therefore allow an investigation of the interaction between reading strategies and characteristics of three different writing codes. The aim of this study was to examine the differential impact of an acquired brain lesion on the reading of the logographic, syllabic and alphabetic writing systems of a bilingual Portuguese-Japanese aphasic patient (PF). Results showed impaired reading in the logographic system and when reading irregularly spelled Portuguese words but no effects on reading regular words and nonwords in syllabic and alphabetic writing systems. These dissociations are interpreted according to a multi-route cognitive model of reading assuming selective damage in the lexical route can result in acquired dyslexia across at least three different writing codes.
Introduction
The Japanese language uses different writing codes: logographic and syllabic. Studies of premorbidly literate Japanese speakers with acquired dyslexia thus allow an investigation of how script has an effect on the cognitive processes used in the oral reading of different writing systems. In Brazil, the high number of Japanese speakers makes this investigation more intriguing. This is because most Brazilian Japanese speakers also read and write in an alphabetic script -Portuguese -making these speakers tri-scriptal as well as bilingual.
Brazilian Portuguese presents, for the reading, a predominantly alphabetic writing system with few irreg-ularities. This is reflected in the relationship between number of phonemes (26) and letters (23) . Most letters represent a univocal relationship between sounds and script that is independent of word context. However, three letters (<x>, <e>, <o>) do present ambiguous relationships, with pronunciation dependent on the intraword context i.e. different sounds depending on the word [27] . For example, the consonant <x> can be read aloud as any one of phonemes /∫ /, /s/, /ks/ or /z/, as in the examples <faxina>, <máximo>, <sexo> and <exame>. There is also spelling to sound ambiguity in the vowels <e> and <o> when they are in a stressed position in paroxytone words. The vowel <e> can be associated to phonemes / / or /e/, as, for example, in <festa> and <vespa>, and the vowel <o> to the phonemes / / or /o/, as <cosmo> and <fosco>. Some consonants also have context-dependent relationships. For instance: (1) if the letter <c> is preceded by the vowels <e> or <i>, it is associated with the phoneme /s/, as in the word <Cecília>; (2) if the letter <c> is preceded by other vowels or by a consonant, except the letter <h>, it is converted to the phoneme /k/, as in <cabeça> and <pacto>; and (3) if the letter <c> is preceded by the consonant <h>, both symbols constitute a digraph corresponding to the phoneme /∫ /.
The Japanese writing system is different to the Portuguese script in several ways. Japanese uses two types of written code: a logographic code that is represented by kanji characters, and a syllabic code, that is represented by the kana script. Kanji characters were originally derived from Chinese ideograms. Kanji characters represent a lexical morpheme of a spoken Japanese word and have phonetic and semantic value (e.g. [kuruma] meaning car). Unlike Chinese characters, kanji has two (or sometimes more) pronunciations: a 'kun' reading, that is the adaptation of the Japanese meaning to Chinese writing and one (or more) 'on' readings, that is the sound transcription from the Chinese language. In the Japanese syllabic system, that is represented by written kana script, each symbol corresponds to a syllable, or to a mora, without meaning (e.g.
[mi], [so] ). There are two forms of Japanese syllabic writing: hiragana and katakana. Both forms of kana have 46 basic syllables with variations in size of the letter and sign additions leading to 102 syllables. Kana is a completely transparent syllabic writing system. In other words, kana is regular in terms of the correspondences between orthography and phonology.
Although Kanji and kana are different writing systems, they are not alternative systems for communication. It is possible to write a text in Japanese using only syllabic kana. However this happens in the first year of education only. Also, it is not possible to write a meaningful text in Japanese using only kanji. To write a sentence in Japanese, the two writing systems are mixed and engaged simultaneously. In general, open class words -nouns, verbs and adjectives -are written in kanji while the function words -inflections of verbs and adjectives, conjunctions and others -are written in hiragana whereas katakana is used for writing foreign names and foreign words integrated into Japanese.
How can we understand the reading of bilingual, triscriptal speakers? Cognitive neuropsychological studies of oral reading are based on theoretical models that are based on the observation of dissociation between reading and writing tasks as well as variability in the relationship between orthography and phonology [3] . Since the 1970s, studies of patients with acquired dyslexia have revealed dissociations in the reading and writing of regular and irregular words in alphabetic and non-alphabetic writing scripts [42] . Patients may show preservation of irregular word reading with an inability to read low frequency words and nonwords. Other patients can show the opposite pattern i.e. impaired irregular word reading but are able to read nonwords and low frequency regularly spelled words.
Most cognitive models or oral reading assume at least two independent reading pathways: lexical and nonlexical routes. In the lexical route, known words are read as a whole with or without access to the semantic system. In the nonlexical route, segmented reading is used, in which graphemes are converted into their respective phonemes for oral reading. These models assume that whereas oral reading of irregular words is achieved via a lexical reading route, nonwords must be read via a sublexical or a nonlexical pathway. Generally, the lexical route processes familiar words and the nonlexical route processes unfamiliar and infrequent regular words. Such models have been applied across scripts.
One view of the cognitive processes involved in reading holds that processes may vary according to the characteristics of each writing code [18, 20, 21, 42] . However, most studies of acquired dyslexia have investigated (relatively opaque) alphabetic scripts, such as English and French. The spelling irregularities in these two codes may induce lexical reading (e.g. yacht, boeuf). However studies of oral reading in transparent scripts, such as Spanish, Italian, Turkish and Welsh are now increasingly reported [1, 2, 6, 10, 11, [29] [30] [31] [32] .
Portuguese is an example of transparent script. Although rare, studies of patients with acquired dyslexia in Portuguese tend to reflect the patterns of impaired lexical and nonlexical reading reported in other alphabetic scripts. Portuguese speaking patients with acquired phonological, deep, surface, semantic and literal dyslexia, are all reported [5, 13, 25, [37] [38] [39] 41] . The characteristics of these types of acquired dyslexias closely resemble those described in English, French and Spanish readers. Thus, the multi-route model of reading has been used to explain disturbances in Portuguese oral reading.
Less is known about the patterns of acquired dyslexia in patients who speak more than one language (bilingual) or read in more than one type of script (bi-scritpal). Reports of brain damaged patients who present dissociations between reading in logographic and syllabic writing systems have been published [15, 22, 23, [33] [34] [35] [36] 40] . Sasanuma (1980) first observed cases of surface dyslexia (impairment to kanji reading with preservation of processing the kana script), phonologi-cal dyslexia (impairment in kana nonword reading) and deep dyslexia (disproportionately greater impairment for kana than kanji reading and semantic paralexias in kanji reading) with others subsequently reported [27, [34] [35] [36] 44] .
Caramelli et al. [4] was the first to report a Portuguese-Japanese bilingual aphasic patient who had acquired dyslexia. YI was a premorbidly literate reader in three different writing systems. Japanese was the first acquired language (L1) for YI and Portuguese was the second acquired language (L2). After the brain lesion, YI was able to understand high frequency kanji characters and Portuguese written words if they had a high frequency of occurrence in the script. However, he was unable to understand words written in kana and less familiar low frequency words written in Portuguese. Using the multi-route framework, Caramelli et al. suggested that YI processed high frequency Portuguese words and kanji characters using an intact lexical reading pathway and also argued that YI's inability to read Portuguese nonwords, kana written words and nonwords was a consequence of impairment to the nonlexical reading pathway.
One problem with the interpretation offered by Caramelli et al. is that oral reading of nonwords written in alphabetic and non-alphabetic writing systems may simply be more difficult than reading known words in any language. However, there is evidence of the reverse dissociation in the pattern of oral reading in Portuguese-Japanese speakers i.e. selective impairment of the lexical route with intact nonlexical reading in these patients. In an epidemiological study with Japanese immigrants in Brazil (Nisei), Meguro et al. [20] identified four Portuguese-Japanese bilingual speakers with Alzheimer's disease who showed dissociations between the reading of logographic, syllabic and alphabetical scripts. In these cases, kanji (L2) and Portu-guese (L1) irregular word reading were more affected than both kana and Portuguese regular word and nonword reading. Together with the case report of Caramelli et al. [4] , this suggests a "double" dissociation in tri-scriptal Portuguese-Japanese reading and supports the assumption of a multi reading framework available to Portuguese-Japanese speakers. However, due to possible differences in the age of acquisition and premorbid familiarity with alphabetic and nonalphabetic scripts in tri-scriptal speakers, it is not easy to interpret the patterns of dissociation in performance. It is therefore necessary to test the veracity of claims made in prior studies of Portuguese-Japanese speakers with acquired dyslexia.
The aim of the present study was to test the multiroute framework for tri-scriptal oral reading with a Portuguese-Japanese speaker. Specifically, it was of interest to know if the reported dissociation between lexical reading (Kanji and irregular word reading in Portuguese) or nonlexical reading (Kana and nonwords in Portuguese) was selectively impaired following brain damage. A correlation between impaired lexical reading across scripts in a tri-scriptal patient would challenge the hypothesis that the cognitive processes in reading vary according to characteristics of the writing system [18, 20, 21] . However, if damage to the reading system of a tri-scriptal patient impairs oral reading in one script only, this would be evidence that type of script constrains oral reading in tri-script readers [see 43 for review]. The data from patients who were premorbidly literate in contrasting writing systems: logographic, syllabic and alphabetic such as those reported by Caramelli et al. [4] and Meguro et al. [20] are a strong test of these alternatives [see also 43] . Also, as Nisei patients are bilingual Portuguese and Japanese speakers and also bi-scriptal in one language (Japanese), it is possible to examine if differences in the type of script (syllabic versus logographic) or the status of a script (L1 versus L2) has a greater impact on impaired reading performance. If language status has an effect perhaps because one language is acquired earlier or is more familiar, then we might expect to observe greater impairment to the oral reading of one language with no differences in the performance between syllabic and logographic scripts used in the Japanese language. However, if we observe dissociations in the oral reading performance of a patient between the Japanese scripts, this would be evidence that the type of script has an effect on bi-scriptal reading.
We report here the case of a Portuguese-Japanese bilingual and tri-scriptal patient (PF) with acquired dyslexia. We asked the following questions: (1) does brain damage influence the cognitive mechanisms in oral reading across scripts according to lexical and nonlexical processes independently of the writing system; and (2) in each language, do the patterns of acquired dyslexia observed depend on the unique features of the writing system i.e. is there a dissociation in the Japanese script that is not observed in Portuguese or vice versa? For comparison, tasks were administered to two healthy control subjects, whose language background and sociolinguistic characteristics were very similar to PF. 
Method

Participants
Case report
PF is a 48 year-old, right-handed male. At the age of 39, he suffered a traumatic brain injury to the left frontotemporal area (Fig. 1 ) in a traffic accident, which resulted in Broca's aphasia and right hemiparesis. PF is Brazilian and the son of Japanese parents. His mother tongue was Japanese. During his childhood, teenage years and adult life he used Japanese within the family environment. He acquired the Portuguese language when he started school during early literacy learning. His formal study was completed in the Portuguese language and he graduated with a degree in Electrical Engineering. In the academic environment and subsequently in his work activities, PF used predominately Portuguese for communication. He learned to read and to write Japanese with parent help. He was able to read aloud and write both syllabic and logographic systems of Japanese writing. Prior to his accident, he frequently read magazines and newspapers in Japanese and in Portuguese. Reading Japanese newspapers requires very advanced knowledge of logographic writing. After graduation, PF worked in a Japanese multinational company for 15 years, in which it was necessary to have good Japanese oral and written language proficiency. He made frequent business trips to Japan. He also had good knowledge of a third language, English. English language was not however a focus of this investigation.
Control subjects
PF's performance on oral reading and other tasks was compared with two healthy controls who have similar sociolinguistic characteristics. Both control subjects were men, right-handed and born in Brazil, and their parents were also Japanese. Their mother tongue was Japanese and their second language was Portuguese acquired when starting school. Their formal study was completed in Portuguese. Both controls were able to read newspapers in Portuguese and Japanese. They presented with no history of oral and written language disturbances or neurological impairment. Control One was a 52 year-old accounting technician (12 years of Japanese education). Control Two was a 53 year-old with an Economics degree who had studied Japanese up until the age of 17 in private schools.
Experimental investigation
PF and the control subjects were given word and nonword reading aloud tasks (Part I) and specific tasks to examine lexical and nonlexcial oral reading mechanisms (Part II). All evaluations involved written stimuli presented in the Portuguese alphabetic, Japanese syllabic and Japanese logographic writing systems. To examine oral reading, tasks from the Portuguese and Japanese Human Frontier Science Program (HFSP) protocols [14, 24] were selected and in addition other specially formulated complementary tasks were also designed to investigate reading disturbance across all three scripts.
Part I -Reading aloud tasks 1. Alphabetic system 1.1. Words
The Portuguese reading aloud task from the HFSP protocol [24] was administered. The test is composed of 180 balanced stimuli to verify the effects of regularity, imageability, frequency, length and class of words. Of 180 stimuli, 40 words have irregular spellings, half of them being composed of irregular words for reading in Portuguese, and the other half corresponding to foreign words used frequently in Brazil, such as <pizza>.
Nonwords
A reading aloud task with 300 nonwords written according to the characteristics of the Portuguese alphabetic system was administered to verify the influence of word length and syllabic structure on oral reading. To examine length effects, nonwords were divided into three stimuli groups (bisyllabic, trisyllabic and polysyllabic) with 100 stimuli each. These groups were then further divided into another five subgroups of 20 stimuli representing the characteristics of the Portuguese writing system: consonant-vowel (CV); consonant-vowel-consonant (CVC); consonant-vowel-vowel (CVV); consonants group and digraph.
Logographic system (kanji)
Words
The kanji reading aloud task from the Japanese HFSP protocol [14] with 120 words was administered. Only words represented by a single kanji character were selected. Stimuli were chosen according to the linguistic variables of length, imageability, frequency [17] , number of strokes (kanji characters up to seven strokes and kanji characters with more than 10 strokes), type (simple and compound) and verbs (conjugated verbs and verbs in the infinitive). Twenty stimuli for each of these variables were selected and, as for the reading aloud task of the Portuguese HFSP protocol [24] , stimuli were selected in pairs, modified only by the criteria being tested, while keeping all the others equivalent. Due to the logographic characteristics of kanji and the option of using words represented by only one kanji, it was not possible to create a list of nonwords in the logographic system.
Syllabic system (hiragana and katakana) 3.1. Words
The reading aloud task of real words in hiragana presented 90 stimuli divided into four groups, designed to exam frequency, length, imageability and word class effects. The word reading aloud task in katakana consisted of 60 balanced items, to verify the effects of length, imageability and familiarity. A familiarity criterion was chosen instead of frequency due to the absence of a word frequency norms in katakana at time of testing.
Nonwords
The hiragana nonword reading task comprised 120 stimuli, constituting 40 bisyllabic, 40 trisyllabic and 40 polysyllabic nonwords. In each group, half (20 nonwords) were made up of simple syllables and half, complex syllables. The katakana nonword reading task contained 120 stimuli, testing effects of length and syllabic structure. The number and distribution of stimuli types in this task were equal to the hiragana nonwords reading task.
Part II -Specific tests -lexical reading mechanisms exam 1. Input orthographic lexicon exam 1.1. Lexical decision tasks -alphabetic system
Two lexical decision tasks were used to test the alphabetic system. The first was from the HFSP protocol [24] with 10 items, with two stimuli in each. One stimulus corresponded to an irregular real word and the other, to a nonword with the same syllabic structure and length as the irregular word. Each item was presented separately on a sheet of paper and subjects were requested to indicate the real word. The second lexical decision task was composed of regular words and nonwords presented in a tachistoscopic task. For this task, 39 regular words and 39 nonwords were selected. The nonwords were created in pairs from each real word, taking into consideration the length and the syllabic structure. Each of the 78 stimuli was introduced separately in the center of a computer screen, displayed for 100 milliseconds. The subjects were instructed to hit keys <p> or <o> to indicate if the stimuli represented a real word or a nonword, respectively. In addition, there was an option to hit the letter <i> if they did not know the answer.
Lexical decision task -logographic system
To test the input orthographic lexicon for the logographic system, a similar task to the lexical decision task for the alphabetical code was used. The task consisted of 10 items. Each item had three stimuli, comprising two real kanji characters and a third, false kanji that was derived from components of the other two real kanji characters. The subjects were requested to identify the false kanji.
Lexical decision task -syllabic systems
The lexical decision task from the HFSP protocol [14] in the Japanese syllabic systems had 10 items in hiragana and 10 in katakana. Each item was composed of a real word and a nonword. The subjects were requested to indicate the real word.
Access to semantic system examination 2.1. Reading and written comprehension of irregular and foreign words -alphabetic.
To verify access to the semantic system in Portuguese, a task with 22 Portuguese irregular words and 16 foreign words was devised. The stimuli were presented individually. For each word, reading aloud was requested after which the meaning of the read stimulus was requested. The main objective of this task was to examine access to the semantic system after reading mistakes (regularizations). There are two possibilities: first via the input orthographic lexicon i.e. through the written form of the word; and second, via the output phonological lexicon through the phonological representation of the read word.
Reading and written comprehension of kanjilogographic system
This task was composed of 20 single-character kanji words. The stimuli were presented individually. For each kanji word, reading aloud was requested after which the meaning of the read stimulus was requested. As in the Portuguese version previously described, the objective of this task was to verify access to the semantic system. Due to the transparency of the Japanese syllabic system, tasks to verify access between the input orthographic lexicon and the semantic system with written stimuli in hiragana and katakana were not carried out.
Semantic system examination 3.1. Written word comprehension -alphabetic system
A written word -picture matching task was administered, having frequency of target stimuli as a linguistic variable. A total of 20 words were selected, 10 highfrequency and 10 low-frequency. Participants were requested to identify the picture corresponding to the written word. Among the five picture alternatives, there were: a target picture, a semantic, a visual, a phonological distractor and a picture with no relationship with the target.
Written word comprehension -logographic system
A written word (kanji) -picture matching task was performed. The task contained 20 items and each item was composed of a kanji written word and four picture alternatives: a target, a semantic, a phonological and a visual distractor.
Written comprehension -syllabic system
Two written word -picture matching tasks were performed, one with stimuli in hiragana and another in katakana. Each task contained 20 items and each item had a written word and four picture alternatives, consisting of a picture target and three semantic distractors. The subjects were requested to identify the picture corresponding to the written word.
Output phonological lexicon examination 4.1. Homophonic nonword -irregular word matching -Portuguese
To test the output phonological lexicon in Portuguese, a homophonic nonword -irregular word matching task was applied. This task was composed of 10 items, each containing three stimuli. Among these stimuli, one corresponded to an irregular word; the second to a homophonic nonword to the irregular word; and the third to a nonword visually similar to the irregular word. For instance, one of the items had the following stimuli: <sexo>, <séquisso> and <sejo>. Participants were asked to point the two stimuli with the same phonological representation.
Kanji -Katakana matching
The output phonological lexicon stores the phonological representations of lexical items. Therefore, this memory is not related to the writing code, but to the phonology of the language. Thus, to test the output phonological lexicon in Japanese, a kanji -katakana matching task was administered. In this task, the subjects were requested to match a kanji (Japanese word) to a katakana "nonword" which represented the kanji transcription (the same phonological form of the kanji). Therefore, this second stimulus was a "real oral Japanese word" but a "written nonword" (as previously cited in the Introduction, katakana characters are only used to write foreign words). It was assumed that matching the phonological similarity between the two stimuli would be accomplished by the output phonological lexicon since, (1) kanji is mandatorily processed via the lexical route and (2) a katakana "written nonword" is processed via the nonlexical route. The task had 10 items and each item was composed of a kanji written word and four katakana "nonword" alternatives.
Semantic system and output lexical mechanisms 5.1. Picture naming -Portuguese and Japanese
Picture naming and lexical reading share some lexical-semantic mechanisms. To examine these mechanisms, picture naming tasks were administered in Portuguese and Japanese with 40 pictured objects, balancing the length and familiarity criteria.
Procedure
The oral responses were recorded with a tape recorder and the productions transcribed. Performance was analyzed in relation to number and type of errors and compared later with the performance of control participants. Statistical analyses were conducted using Fisher's exact and Chi-square tests to compare proportion of correct responses among the participants. The significance value accepted was p < 0.05.
Results
Part I -Reading aloud tasks
Alphabetic system -words and nonwords
For word reading aloud in Portuguese, PF produced a relatively high percentage of correct responses (87.8%). He made 22 errors, 18 (81.8%) being a regularization type. Considering the different linguistic variables, PF's performance varied between 90.0% and 100.0% of correct answers across all variables, except for the group of irregular words, of which PF read only 60.0% correctly (see Table 1 ). Comparison of his performance to controls in irregular word reading showed a significant difference (x 2 = 14.1, p < 0.001). Sporadic slow reading was observed, chiefly in reading longer words.
On the nonword reading task with alphabetic stimuli, PF read 78.3% correctly. Although performance was lower than controls this was not a significant difference (see Table 1 ). Among PF's errors, he produced phonemic paralexias most often. Analysis of effects of length and syllabic complexity showed no differences between bisyllabic, trisyllabic and polysyllabic stimuli. Furthermore, there was no effect of syllabic structure (CV, CVC, CVV, digraphs and consonantal groups) on performance.
Logographic and syllabic system -words and
nonwords PF's performance was similar to controls in oral reading tasks using stimuli written in syllabic systems: written words and nonwords in hiragana and katakana (see Table 2 ). However, a significant difference was identified in reading written stimuli in the logographic system: PF read 40.0% of the items correctly while the controls had more than double the number of correct answers compared to PF (x 2 = 49.9, p < 0.001). Among errors in kanji reading, the majority (81.9%) corresponded to the absence of a response ("I don't know"). Visual mistakes, semantic, formal and phone- mic paralexias and unclassifiable mistakes were also observed, albeit in smaller number.
Analyzing PF's performance in kanji reading for each pair of stimuli according to linguistic variables (high frequency versus low frequency; high imageability versus low imageability; number of strokes; length; type and verbs) no effects were found. However, in other analyses considering all stimuli of the protocol (120 kanji words), and comparing the linguistic variables mentioned above, the effect of frequency was significant (x 2 = 9.5, p < 0.05). PF correctly read 48.9% of high frequency kanji characters and 14.6% of low frequency kanji characters.
In reading aloud of written words in the Japanese syllabic systems, PF correctly read 97.8% of hiragana words and 96.7% of katakana words. Due to the small number of errors, differences in performance according to the linguistic variables were not evident. There was no signifiicant difference between PF and controls in hiragana and katakana nonword reading. For hiragana and katakana nonword reading, no significant differences were found in performance in terms of length and syllabic structure.
Part II -Specific tests -lexical reading mechanisms examination
Specific tasks -alphabetic system/Portuguese language
Comparison between PF and controls on alphabetic writing system tasks revealed no significant differences in lexical decision, written word -picture matching and homophonic nonword -irregular word matching tasks (Table 3) . These results suggest that the input orthographic lexicon, the semantic system and the output phonological lexicon -mechanisms that must be involved in reading via the lexical route -were preserved. However, differences between PF and controls were seen in tasks of picture naming and access to the semantic system. PF presented low performance in picture naming, with better results for familiar words in comparison to unfamiliar words.
To evaluate access to the semantic system, a task of reading and written comprehension of irregular and foreign words was applied. The main semantic system from printed words. Testing the written comprehension of words that PF read incorrectly allows verification of how the semantic system is accessed i.e. via input orthographic lexical mechanisms or through output phonological lexical mechanisms. PF read 68.4% words correctly. All of the errors were regularization type. Most striking was the finding that PF provided the correct meaning of all words read incorrectly (see also Wilson and Martinez, this issue). In this task, controls read 98.6% of the stimuli correctly and comprehension of words was preserved.
Specific tasks -logographic and syllabic
systems/Japanese language To compare PF's performance in the non-alphabetic writing system, specific tasks were designed to investigate lexical reading mechanisms of the logographic and syllabic systems. The main differences between PF and controls were in picture naming and access to the semantic system. In the lexical decision tasks with real and false kanji characters (from the HFSP protocol) PF scored 80.0% correct a score that is considered to be within the normal range [27] . Satisfactory results were also observed on written word comprehension tasks (kanji characters -picture matching) and in the output phonological lexicon tasks (kanji -katakana matching).
On the reading and written comprehension of kanji characters task to verify access to the semantic system, PF read aloud 4 out of the 20 kanji characters appropriately yet was unable to read the other 16 stimuli, giving no response. Despite the absence of response in these 16 kanji characters, PF was able to give the correct meaning of 12, corresponding to 75.0% correct performance. With the four kanji characters for which he did not give the correct meaning, he gave rather vague answers that could be considered close to the target meaning. Therefore, as in the tests of the alphabetic writing system, there was a dissociation between oral reading and written comprehension in the logographic code. Controls read 92.5% kanji characters correctly. PF achieved comparable performance to controls in tasks involving the Japanese syllabic system: lexical decision (input orthographic lexicon) and written word -picture matching task (semantic system) and the kanji -katakana matching task. PF scored 15.0% correct on picture naming in Japanese and correct responses tended to be more familiar objects.
Discussion
Portuguese writing system: acquired dyslexia with impairment in the lexical route
PF had difficulty reading irregular words, producing mainly regularization errors. These data suggest an impairment to the lexical route and preserved use of the nonlexical reading route when reading in Portuguese. His hesitation, slow reading with longer words and performance in nonword reading were also suggestive of reading via the nonlexical pathway. Results from PF's nonword reading task may appear to contradict this claim. However, PF and controls achieved similar levels of performance in nonword reading (see Manarini [19] who reported performance from 87.0% to 95.5% correct in nonword reading by undergraduates). Lower than expected performance in nonword reading may be due to stimuli complexity, and unfamiliarity with the task. PF's performance on tests of irregular word reading was significantly worse than controls. Thus, we contend PF is more impaired when reading via the lexical pathway than the nonlexical pathway.
Considering all words in the reading aloud task of the alphabetical system, PF's performance was relatively high for reading. This may be a consequence of the majority of words containing a regular correspondence between orthography and phonology in Portuguese. Coltheart et al. [7] proposed a list of nine symptoms in surface dyslexia based on anglophone readers. Of all characteristics, the authors considered better regular word than irregular word reading to be a necessary and sufficient symptom for a diagnosis of surface dyslexia. According to these criteria, PF presented the necessary and sufficient symptoms for diagnosis of surface dyslexia in Portuguese. A further striking feature of performance was that reading aloud of irregular words was accompanied by intact comprehension of the same words. It is therefore possible to claim that in Portuguese (as in English and other alphabetic writing systems), surface dyslexia can be observed without damage to the semantic system. We note here that the opposite patterndamage to the semantic system without surface dyslexia in Portuguese -has also been reported [37, 38] as in other languages (see also Wilson et al.).
Japanese: reading impairment in the logographic and preservation of syllabic systems
PF displayed a reading impairment in the logographic writing system -however, performance with the syllabic script is no different to controls. This clear dissociation in reading aloud within the Japanese writing system raises some issues. The first is that even though oral reading within a language using two different scripts may be dissociable as shown in previous studies of Japanese patients, it is not clear whether this is evidence of an effect of type of script, an effect of task difficulty or of a selective impairment to one pathway and not to the other. Given several studies have shown that bilingual speakers do not necessarily manifest the same language disorders with the same severity in both of their languages (non-parallel language recovery), the dissociation found in PF's read-ing in Japanese might shown that each written system is represented (organized) in different neural networks in the brain. However, differences in the patterns of recovery in bilingual aphasia may reflect the language status (L1 versus L2), age of acquisition, familiarity, or dominance. Although these confounding effects may be reduced for bi-script readers who speak a common language such as PF, there is still a problem when interpreting data from biscript patients as these cases may show patterns of recovery that reflect language status. We contend that impairment to the oral reading of kanji likely reflects damage to a lexical reading process and does not reflect impaired reading of a non-lexical process. However, we do not claim dissociations in functional reading routes in Japanese necessarily reflect independent reading systems for kanji and kana at the neural level.
A different issue is whether or not brain damage influences common oral reading processes independently of the writing code presented for testing. Thus, characteristics of PF's acquired dyslexia in the Japanese script -selective impairment in kanji reading and preserved performance in reading of words and nonwords written in the Japanese syllabic transparent code -can be interpreted as a better preserved nonlexical pathway compared to the lexical pathway. Given the same interpretation was offered for PF's oral reading impairments in written Portuguese, it seems redundant to distinguish differences in script to explain PF's impaired reading performance. In other words, if his performance reflects selective damage to the lexical pathway in a common oral reading network, this accounts for the patterns of reading dissociation across scripts. Thus, the co-incidence of impaired lexical reading (Kanji and irregular word reading in Portuguese) and preserved nonlexical reading (Kana and nonwords in Portuguese) suggests no effect of script on PF's reading.
Analyses of acquired dyslexia in the three writing systems
The claim that damage to the reading system influences cognitive processes across writing systems is supported by the analysis of PF's impaired and preserved performance in reading and writing: impairment of the lexical route is responsible for low performance in reading kanji and Portuguese irregular words. On the other hand, performance when reading words in the transparent syllabic system and regular words and nonwords of the alphabetic Portuguese system shows nonlexical reading is intact. Together with patients reported by Meguro et al. [20] and Caramelli et al. [4] , the present data support the claim that Portuguese-Japanese speakers enjoy multiple cognitive mechanisms for oral reading.
Analysis of PF's acquired dyslexia in the three writing systems is compatible with the view that type of script has little impact on biscriptal reading and does not sustain the view that different writing codes of a biscriptal reader have impact on impaired reading performance. Instead it seems that reading mechanisms (both lexical and nonlexical) are shared for the two different scripts. Damage to the oral reading system for PF resulted in more impairment to shared lexical reading mechanisms than to shared nonlexical reading mechanisms thus explaining problems reading irregularly spelled words in Portuguese and Japanese kanji as well as preserved ability to read kana and alphabetic nonwords.
The reverse analysis can be made of the case YI reported by Caramelli et al. [4] who had good performance in written comprehension of the logographic system and high frequency words in the Portuguese writing system, but was unable to process words and nonwords in the syllabic system and nonwords alphabetic system. Caramelli et al. [4] interpreted YI's data according to a multi route reading model proposed for reading in English. According to them, YI was capable of processing kanji and frequent words of Portuguese lexically, but was unable to process stimuli through print-sound conversion. We would interpret PF's data in the opposite way i.e. PF was not capable of processing kanji and irregularly spelled words of Portuguese lexically, but he was able to process kana and nonwords via print-sound conversion. Therefore manifestations of YI's and PF's acquired dyslexias (both tri-scriptal readers) supports a double dissociation in PortugueseJapanese oral reading. YI presented better lexical reading than nonlexical reading while PF presented the opposite pattern of reading impairment. Crucially the same pattern of performance was observed across written codes for both cases, with no effect of script.
No regularization errors were observed in PF's Japanese reading. Legitimate Alternative Reading of Components (LARC) errors are a type of regularization error and are observed in patients with acquired surface dyslexia in Japanese [12, 26] . These errors correspond to incorrect selection of phonological representations of one or more character components. When reading kanji, LARC errors correspond to the selection of possible pronunciations (on/kun readings). Determining which pronunciation must be used will depend on the context that a kanji is used in two-character kanji words. LARC errors could not observed here because only single-character kanji words are tested with the HFSP protocol [14] .
1 And in this case, all the possible kanji pronunciations can be accepted as correct.
It is important to note that if we were to consider PF's performance on the reading of syllabic system only, we might conclude that PF did not have any disturbances in the reading of syllabic code. Hiragana and katakana word reading aloud was satisfactory and few errors were found. Also, performance when reading nonwords written in a syllabic system was similar to controls. Drawing on these data, it may be possible to follow Ardila's [1] and Karanth's [16] arguments that reading in a script with a transparent code requires only a nonlexical route. However, Ruiz et al. [32] reported two cases of Spanish readers with deep dyslexia. This conflicts with Ardila's [1] position that Spanish readers would not present deep or surface dyslexia. Other hispanophonic case reports confirm the possibility that readers of a transparent orthographic code seem to read via a lexical pathway [9] [10] [11] .
The transparent nature of the script, in either syllabic or alphabetic scripts, does not seem to mandate that readers will only read using a nonlexical pathway. Many studies [6, 10, 11, 32] show evidence of lexical reading in transparent orthographies suggesting multiroute reading models are appropriate for interpreting patterns of acquired reading impairments. Chiacchio et al. [6] reported acquired reading impairments in an Italian speaker [see also other papers in this Special Issue]. They described a case of primary progressive aphasia with surface dyslexia. Instead of regularization errors when reading irregular words, the authors found accent mistakes and proposed this is an aspect of Italian word reading that cannot be based on grapheme-phoneme conversion rules.
The high number of correct responses in PF's reading of words written in the syllabic system (136/140) as well as by Sasanuma's [35] patient, SU, (169/170), with surface dyslexia, may appear as absence of reading disturbance in the syllabic system. A lexical route dysfunction does not cause much impact in transparent code readers, since it is possible to read transparent writing codes appropriately through a nonlexical pathway, but this does not necessarily mean that there is 1 Sasanuma [34, 35] described patients MU and SU with impairment in lexical reading. These patients produced semantic errors in kanji reading. no failure in the lexical route or that transparent code readers can only read via a single route.
Dysfunction in patterns of lexical reading in patients who read with a transparent script is different to readers of deep orthographies. Readers of transparent scripts might not produce classic regularization errors and can read words and nonwords appropriately. But mistakes in accent and hence stress and slow reading speed are additional symptoms. A dysfunction in the semantic system impairs written word comprehension. Therefore, other abilities besides reading aloud should be investigated to examine the presence of failures in the lexical route as demonstrated in the study of Ferreres et al. [10] .
Characterization of lexical reading dysfunction
In the experimental test -Part II of this study specific tasks were performed to evaluate cognitive mechanisms involved in PF's lexical reading. The investigation showed that the cognitive dysfunction is localized on the output lexical mechanisms of the lexical route, more specifically in access to the output phonological lexicon from the semantic system and from the input orthographic lexicon for alphabetic, syllabic and logographic codes. The investigations demonstrate intact input lexical mechanisms to the semantic system. PF had satisfactory performance in lexical decision (which investigates the input orthographic lexicon) and written word comprehension (which investigates the semantic system). In addition, data from tasks examining access to the semantic system corroborat the hypothesis of the integrity of the input lexical mechanisms to the semantic system. In the alphabetic system, concerning the task to verify access to the semantic system, PF was able to define irregular and foreign word meanings for words that he had read aloud incorrectly. This behavior suggests that the patient read irregular words using the nonlexical route, but accessed word meaning via the input orthographic lexicon and the semantic system. This interpretation can be maintained, as if the patient accessed the semantic system through output lexical mechanisms, he would access the word meaning by the phonological representation of the irregular word read incorrectly. For instance, PF read the foreign word <pizza> incorrectly. He performed regularization and evoked aloud the word [piza], however he explained the meaning of the word <pizza> correctly. In this example, if PF had accessed the semantic system by the output phonological lexicon, he would state that the On the same task in the logographic system, PF was able to provide meaning for incorrectly read words showing preserved written comprehension of kanji characters. The data suggest the input lexical processes to the semantic system are relatively preserved, and the deficits in lexical reading in both alphabetic and logographic systems are due to impairment in post-semantic lexical processing.
Post-semantic lexical processing involves phonological representations of stimuli. Therefore post-semantic lexical processes do not depend on the orthographic, logographic or syllabic or alphabetic nature of stimuli. Thus, tasks that test the phonological lexicon and the output lexical mechanisms suit the oral language, independently of written code. Regarding output lexical mechanisms, PF performed well on tasks to verify the output phonological lexicon in Portuguese (homophonic nonword -irregular word matching) and in Japanese (kanji -katakana matching). The output lexical mechanisms were also tested through picture naming tasks. PF's low performance in Japanese and Portuguese in these tasks can neither be attributed to failures in perceptual mechanisms nor to the semantic system, given the absence of failures in visual picture recognition along with preservation of the semantic system examined in the written comprehension tasks. Therefore, we propose the hypothesis that PF's naming impairment is correlated with damage to the lexical reading route and is post-semantic and prior to the phonological lexicon. The characteristics of PF's spontaneous speech in Portuguese and in Japanese (non-fluent) and the type of mistakes in some of the formal tests (absence of responses in kanji reading and Portuguese and Japanese picture naming) point to a locus in lexical reading due to dysfunction in access to the phonological output lexicon from the semantic and the orthographic input lexicon (see Fig. 2 ).
To support this claim we compared the results from PF in some tasks with those obtained by the patient SU, described by Sasanuma [35] who presented surface dyslexia in Japanese (Table 4) . Patient SU had Wernicke's aphasia, fluent speech and preserved word comprehension. Similar to PF, SU presented difficulties in the picture naming tasks and in kanji reading. However, after a qualitative analysis of errors in the tasks, it seems errors differed between SU and PF. Whereas PF presented a high number of no responses in picture naming and kanji reading, SU showed a high incidence of circumlocutions in naming and irrelevant errors (substitution of the target word by another word with no semantic or formal relationship to the target), circumlocutions and semantic paralexias in kanji reading. SU presented only 2.9% of no responses in kanji reading while in picture naming, irrelevant errors together with the absence of response comprised 19.6% errors.
Sasanuma [35] claimed SU had impairment in the output phonological lexicon. Errors showed the patient had no difficulty in accessing the phonological representations stored in the output phonological lexicon. However, a functional disturbance in the output phonological lexicon itself, explained failures including circumlocutions and semantic mistakes. The Table 4 Data comparison for PF and SU (described by Sasanuma [35] comparison between SU and PF corroborates our hypothesis that PF's functional disorder is localized in access to the output phonological lexicon. As PF had an access dysfunction, he did not retrieve phonological representations stored in the output phonological lexicon, presenting as poor kanji reading and picture naming, and absent responses. In contrast, SU presented with preserved access between the semantic system and the output phonological lexicon, therefore SU was able to retrieve the phonological representations of lexical items stored in the output phonological lexicon. However, as SU presented a cognitive dysfunction in the output phonological lexicon, she produced inadequate oral answers in kanji reading and picture naming. The present case study allowed us to test the multi route reading model to explain disturbance of a bilingual patient tri-scriptal reader across three different writing systems. Impairment in lexical reading was verified in the reading the written codes in Portuguese and Japanese. Critically in both languages reading impairment was impaired in a similar way. Moreover, there was evidence that the same functional disturbance in access to the phonological output lexicon from the semantic system and from the orthographic input lexicon was responsible for the acquired dyslexia in three writing systems. Some multiple route reading models assume a third non-semantic lexical pathway available to support the oral reading of irregularly spelled words and logographic characters without access to the meaning of those characters. PF was able to read via meaning albeit at an impaired level. To test the veracity of the lexical non-semantic pathway in biscriptal reading in a Japanese-Portuguese speaker it will be necessary to find a patient who can read aloud words without access to meaning in both languages. No such case has yet been reported.
In sum, the impact of reading disturbance in bilingual speakers who are tri-scriptal readers varies according to the division of labour between the use of the lexical reading and non-lexical reading pathways. We found evidence of a correlated reading impairment to kanji reading and written words that are irregularly spelled in Portuguese in addition to an impairment to access to phonological output in both languages. We locate the damage to impairment in a common lexical reading pathway. There was no evidence of an effect of language status (L1 versus L2) or an effect of type of script on PF's impaired reading performance (for a similar conclusion see Tainturier et al. and Druks et al. this volume).
